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TWO-DIMEHSIOHALWXND-TUNNEL INVESTIGATIONOF LCW-DRAG“.—-~.’
VERTICAL-TAIL,HORIZONTAL-TAIL,ANDWING.. .. .....,
SECTI03TS“EQUIPPEDWITH SEALEDINTERNALLY- - ‘--.. .—-—

....,., BALhlfGEDC0NTR9LSURFACES ““ ‘.“‘“.“.
,. .....!,.. By AlbertL. Braslow t

,“
,,.“.4..;., ,. ..:.

.,, stiARy ~~ . ..—.— .--—..._.-,,.,, ,,
..:..:,. ........ ,-.. ....

A ttvo-dirnens~on”alwind-tunnelitivestigationwas
made of threelow-dragairfoilsectionsequippedwith
sealed’internally”balancedcbntrbl”swfac+s dqsigned
for use as vertical-tail>horizontal-tail,aid wing
sections. The testsincludeddeterminationof control-
surface‘effectivenessand hingemoments-andairfoil
se~ticm&nag charac~eristics;Balance,prb$sureswere .
alsome’asqredfor,use in ~s~imating.the,,~i~e.-~om$~t’.,
character’ist$’csof the controlsurfqces.:tii~b.any amouht “
of sealed.>nternalbalaq.cej~ .-.7., . . ., “./,,” “..... !.-..
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.,./..- . . . . . . . .
Sh&p ‘iyre”~~aq}tie~.o,c~urred.in.the.var:t.~tib~jof..‘-

--

the control-surfacesectionhinge-mo~en~.:co~ff~eient‘-
with airfoilsectionan~leof attack,whichw6re”probably
causedby suddenmovementsin transitionalongthe sur-
facesof all thre.e.airfoilsSt t~e..exja?emitiesof the
low-tiagrange. Tests”ofthe vertl”ca~-tailSection
indicatedthat theseirregularitieswere reducedin
magnitudeWhen.transition~~,as.fi+ed..at.,a fqr~ardchord-
wise position’’5ut”w&+.e‘not”etitirely,retiove~.ufit~>transit-
ion was fixedat the &irfoiiieadi& ed~e. “Anestimated

—

varlat:o~,.of.ai~eron.wheelforcewith wing-ti~helti
anglefor an ask~tiedairplaneihdicatedthat‘nounusual.
al,leqon.,wheel-forqe.,charac.teris$ics:~ould-be..~.aused”by
the i&reg@,api-t,ie:.$n”thet.wo-dimpnsi.on&lh~n~e-moment
characteristics.” Suddenmovementsin trarisitionalong
the..,quqfacgsqol.-vertic%~-ta,ilor,.horizoqt~+-:t.?ilsections,
however,‘fiouldpr-obabl$cause.suddenchqhgesin rudderor
elevatorhingemoments. . ......—. —-— _-
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INTRODUCTION
—

?me pecent trend to~ardthe use of large hi&h-
speedairplaneshas imposedupon the“airplanedesi.~ner
the problemof obtainingadequatecontrole.ffectlveness
withoutexcessivecontrolforceswhilesecuringlow
valuesotiirfoil drag and high valuesof critical Mach
number, Data for use by the desi&nerla the prediction
of low-drag-wingcharacteristicsare available
but only a limitedamountof data on two-dimensional
aerodynamiccharacteri.st-icsof control.surfaceson low-
drag airfoilsis available. An tivestigationwas made
in the LanGleytwo-dimensionallow-turbulencepressure
tunnelof two NACA 6&.series-typeafrfollsand one
NAC?A~-series-typeairfoilequippedwith sealedinternally

-..- —.

balancedcontroi-surfacesto provideadditionaldata on
two-dimensionalcharacteristicsof controlsurfaceson
low-dragairfoils. me 6.4-seri?s-tyPeairfoilswere
intendedfor use as tail surfacesand were equipped
with a rudderand elevatorof 0.40and 0.35airfoil-chord,
respectively.The ?-series-typeairf%ll\Yasfittedwith
an aileronof 0.22airfoilchord. ,

The tests,whichweremade at Reynoldsnumbersof
3 x 106, 6 X 106, 6and 9 x 10 , includedthe determination
of control-surfaceeffectivenessand hingemomentsand
airfoilsectiondrag charact-eristics.The pressure
differencesacrossthe control-surfacesealswere also
obtai.n!sdfor use in estimatingthehinge-momentcharac-
teristicsof the controlsurfaceswith any amountof
sealedinternal’balance. ‘

SYMBOLSAND COEFFICIENTS

‘Thesymbolsand coefficientsused in the presenta-
tionof’resultsare definedas follows:

ao airfoilsection~ngleof attackldegrees

c chcrdof airfoilwithcontrol surfaceneutral;
measuredalongmaximumlengthline

Cx chordof cofitrol”surfacemeaauredfromhinge
axisto trailingedge
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Cb chordof ov.~rhangfrom control-surfacehinge axis
to middleof Gap seal

6= control-surfacedeflectionwith respectto airfoil;.
postt.ivewhen trailtigedge is deflecteddownwati

R ..;Reynoldsnumber

q. free-streamdynamic

b ~otalwing span

ba spand one aileron

pressure
— .—

Za root-mean-squarechordof aileronbehindhinge

v ‘true”airspeed..

~f.. .indicatedairspeed

P localstaticpressure;also,rollingvelocity
when used in parameterpb/2V

II. free-streamtotalpressure
HO-P

s airfoilpressurecoefficient ~

tiis

—. .-

pb/2V helix angledescribedby wi’ngtip duringroll,
radians -. —

Fw wheel‘force

e wheeldeflectionfrom neutral

.-——

. . “..

rate of chan~eof rolling-moment.coefficient
% . with ailetiondeflection :,,.,...

c~ “ rate ofchange of roll~g-moment
P with pb/2V .—

Cz atifoilsectionliftcoefficient. .

. ..-_ r

coefficient
“.

.

ACZ incrementof CL causedby deflectionof control
surfacefromneutral

cd.. airfoilaectlondrag coefficient ‘ ,,--- ..,... .-
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-Tontrol-surfacehingemomentper unit span;------
positivewhen controlsurfacetendsto
deflect.dotiward

,..
,- .=.“.-

..... c.ontrol-~urf~”cesectionhinge”a”omentcoGfY’iciOti,.. . {h\abasedOZIcohtrol-swf’aco chord !—— 2
)“f.qocx

hinge-momentcoeffictint.of up~oi.n~aileron
est%iatedfor airplaneduringroll.,. .

.
()Cha U~

(“ha)d~Ivn- hinge-momentcoeff’ic+entof’dcnvngoingaileron
estlr.ated“fora@pDne .duri~groll .,-

seal-.ress~e-difftirenco.coeff’icient(r.atlo‘.”
.o”fpressuredifferenceacrojqs.cdntrol-
surfacesealto fr.ee.-strcamd’~amlc.
pressure); positivewhen pre-9su.r9below
sealis ~eater thanpressureaboveseal

rate of changeof sectionliftcoef’ftcienti
with secti’onangleof attack , ,,...

. . ..
:““rate of_ch”&~eof sectio-nliftcoef”fic”lent

with qgtrol-su.rfacedeflection-.. .-.
......
..?““

control-surfacesectioneffectivenessparamter
1. (absolutevalue);alsodesignatedas k for

aileron

aileronsectioneffectivenessparameter
‘(ratioof incrm-mntof-airf’qilsection
a.ngtiof attackto ir.creUentof aileron
deflectionrequiredto maintaina constant
lift-moefficient; absol~te value) “.

----- : .:
rate.of change

,------,.c:o”ef~i“c”fent

. .
rate-of”chance

.. —-. —

of sectionhinge-moment...
iviths=-ction ar.~leof att’ack

..-.:...:..-——..- :
.. ,-. -..

Of sectionhifiGe”-mom~n~q~effi-
cientwitficontrol-surf~.c~de’fle,ptxg.n..-,.
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. The subscriptx is replacedhereinwith subscriptsI r, e, and a for the rudder,elevator, and aileron,
respectively.The subscriptsto the partialderivatives

. denotethe variablesheld constantwhen the partial
derivativesare taken. The derivativesare obtainedat

.-
zero sngleof atta& and zero control-surfacedeflection
exceptas noted. —

MODELSAND APPARATUS

The threemodels,havingchordsof 24 inches,were
two-dimensionalairfoilsectionsdesignedfor use as a
verttcaltail,a horizontaltail,and a wing and were
constructedof laminatedmahogany. Sketchesof’the models
are presentedas figure1. Rubbersealswere used along
the completespan and at both ends of the controlsurfaces
to preventthe flow of air throughthe gaps,..*,*

\ The pressuredif~erenceacrossthe control-surface
sealswas measuredwith static-pressureorificeslocated
aboveandbelow the balanceplates. A manometersetup)*
which integratedthe pressuresalongthe floorand ceiling
of the tunneltest section,was used to measurelift,and

. thewake surveymethodwas used to measuredrag. Hinge
momentsof the ccritrolsurfacesweremeasuredwith
electrical-resistancestraingaGes. .-....— ....._

\
The vertical-tailsectionwas a C1.155cthicksymmet-

rical airfoilwith a pressme distribution(fig.2)
similarto that of theNACA 6~-seriesairfoils. The
modelwas equipped with a 0.40crudderwith a sealed
internalbalanceof’0.)+12cr,that is, c~

= 0.412.q
The horizontal-tailsection,which alsohad a pressu~

distribution(fig.3)similarto that of the lTACA64-series
airfoils,had a maximumthicknessof approximately0.13c,
The angleof attackfor t’hismodelwas measuredwith
respectto a referencelineshownin figure1. The model
was equippedwith a 0,35c elevatorwith a sealedinternal. balanceof approximately0.43ce, —.

The wing profl.lehad a maximumthicknessof approxi.*
mately0.17cand a pressuredistribution(fig,4) similar
to that of an l?ACA7-seriesQirfoil. The designsection
liftcoefficientIS 0.266, for wlnichthe positionof-r-

. .
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minimumpressureis approximately0.35con the upper
surfa”oeand 0.50con ,the.lqwer‘sujjface.The afifoil
sectionangleof.att&ckwas meamjrcdwithrespectto a .
referenceline shownin f~~ure1. The modelwas equipped
with a 0.22c’aileronof true airfoilcontouiwith a sealed
internalbalanceof.approximatelyO~&ca.

It

—.

For the normal smoothcondithn of themodels,the
airfoilsurfaceg wer~ sandedwith NO. @() Carborundum
paper.to produceah aerodynamicallyanoothf?inish.For
therough conditionof the verti”cal-tailsection,the
rlodelsurfaceswere the sameasforthe smoothcondition
but 0.O.02-inchc~borundum Grainswere ap~liedto a thin
layerOf shellacon both the upper“andlowerairfoil
surfacesat--variouschordwiseposit”Lons’.The roughness~
stripswere.1.2“ihches,wide,at0.~.5,c,0.5 ihchwliie
at 0*30C,0.15C,and O.1OC,an”d3.75 inch,eswide at the
Ibadln,zedge (1.875In. alongeach sw’fa,cemeasuredfrom
theleadingedge). .—

‘ .,.

j.T)3sTs . . ..-

..-

--—.
..-.
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, Testsof the threemodel?were mede in the Langley
two-dimensionallow-turbulencepnessuretunnel. The “
testsf.ncludedmeasw6ementsat-a Reynoldsnumber”of

.

approx:.mately6 x 10 of’airf!oillift and drag,control-
surfacehin~emoment-,and balancepressurefop each
modelwith various.deflectionsof the controlsurfaces.
Observl~ttonsof the air.flow.over the surfacesof both
tail secttons were ma~eb%.meansof tuftsurveys. Lift
and drt~gmeasurements-w~re alsomad~ at Reynoldsnumbers
of approxitiateiy.3 ,x10Q and 9 x 10° for the horizontal.-
and vertical-ta”ilsecti-onswith the controlsurfaces
neutra1-. In’”addition,the ver,tical:tallsectionwas
tes~edat a Reynoldsnumberof 6 x 106 with rou@mess

‘ stir’ips“applj.ed to both upper. and lowerairfoilquri’ac.es
at variouschordwi”sepositions,The Machnumbers

t
‘correspondng to Reynoldsnumbersof 3.x 10°, 6 x 106,
and 9 .x10 were 0.11, ” 0.14, and 0.10,respectively.

Tke followingform~laswereused to correctthe
,tunneldata to free-airconditions:. “- “.r-- .:. ”“ “1 .’

.

.
—

f-. 4
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.
,. qo=’LI+2A (qa+gqo~

.’,,.
where ..‘ -.:”

A factordependenton airfoilshape

0 factordependenton ratio of Urfoil size tO -L. . ,
tunnelheight ?“

3 factorused.for correctingeffectof modelupon
velocitymeasuredby static-pressureorifices”

and the primedquantitiesrepresqntthe,,valqe.smeasqed .
in the tunnel.

. .-

The valuesof .2& + g
t

were 0.0115,0.00979,
and 0.00792for the wing,ver ical-tail,and hor”f.zontal- .
tail sections,res-pectively.The valueof ,0,”was equ~l.:
to 0.015for all threeairfoils. .

.’. ”,,, .“, ...
.. . .’.~STJLTSAND DISCUSSTON —-.-.—--..—

.. . :.,

Valuesof the importantaerodynamicparameters,
measuredwhen ao and 6X are approx’imatel$,.,0f+r
the threemodelstestedare presentedin t~e-~o>lowing
table:.“ ,..,-..,

,— I 1 I
Smooth /o.io7 0.58 -o. oo31J=mw -. Rudder
L.E.rough .107 .58 -,0009 .----- -,. . -.

b Elevator Smooth .100 .62 -.0029 -.0023
k t —

.-

—

.——

Atleron Smooth ● 101 t .48 -.00041 -.0013
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Vertical~Ta”ilSection ‘ .

ILift,hinge-moment,balance-presswe, and drag data
for the vertical-tail.sectionwith the afifoilsurfaces
aerod;iamicallysu.oothad alsowith”roughnessstrips
appliedat variouscb.~rdwise,positio_~sare presentedin
figures5 to tip. ! ..,,., ..-i J

Lift.-The li~tcharacteristicsof tileverticaltail
secti~%~ a Re~moldsnumberof approximately6 x 10z
are presentedin fi~ur’e5 Cor the“airfoilin a smooth

condition.
?i2),:?:(2)ata’e

The valuesof
,’

eq~alto o.1o7and 0,,062,““respe~tively,and”.he effec+, \

()‘“;C%.tivenessparameter:~~- ! IH equAltoo.58. The ... ~
r,~i”-””””’- “ ‘“ .“ ‘“”’-(’

incremento~section Qf’t.,coefficientAcx .plo.ttedagainst

-.
.

rudderdeflectionis prgsentedin fi.we 6 for four secticn
anglesof attackfrom O to 1.2°.Thesecurvesshowthat
for snailrudder.deflectionsthe ~f!fective,nesa~remain.s
const~~nt-”t-brou~l~hh.is.rqnGeof an le.-of~tt=cki.&trudder

8deflections.moranegativethan -2 ,.thefncrgn!?nt,of..
secticmliftcoefficientincreases:with.dec=asi~ ar~e ““,
of att,ackuntilthe air flow over”the lowersurfaceof
the rudderbegins&separate. This sepwation occursat
low anClesof att=-ckfor:hi@ ne~atlyerudd~~..deflections
as shownin fisures5 and 6 and was observedby meansof
tuft surveysoverthe airfoilsurfaces.

...!... .. ..,....-..., ;:.’.:::
Scaleeffect-nonthe..rlift.~haracte~$sttasis shownin~

figure7..,~iEt.measurernen$syerqmade ‘~~fththe,rud er
neutra

i
~at Reynoldsnumbersof approximatelyj X 10 , !

6x1(I, and 9 x 106,
.. . ... . ,. . .. .- . . ..- -

The effectof fixedtransition.on the liftcha~ac-
teristicsat rudde~_deflection@”of ~UO,”,-..>0, and -10 . ,.
is shclwnin fiuwe 8. Appli,qatlonofIr.oughnes$to“the
ai.rfoi.lleadingedgecaused.~naV~ra@ reduc.tiom”i~
maximunsectionliftcoeffic,ient,.ofapproximately12 perc&t”
but he.da negligibleeffecton the lift-~urves~ope.- ,.. .! ..”-.,

The-valuesof ““
()

~cz ‘
with the rudderneutral.

● .: ,’.~ “
a.

.- .U..:..-. . ..- ,*.- , ,, .
. ..

●

�
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✎
�
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were obtainedbetweenrudder‘deflect-ions

at z:ero”angle.ofattickremainedthe ‘“
sm~e:‘asfop the Aerodynamica~lysmoothc’ondition~ but the
‘incrementof Ct causedby rudder“deflectionsof “-5° ,
atii-“10°decreaseda~ low anglesof attackwhen transi-
tionwasJnduced at the airfoilleadinged~e (fig.8);
the sh~rpirregularityin the variation of Acl with ar
shownIn figure6 was therebyeliminated.,. .

;Inge m’oment..The variationof.ruddersection
hinge-momentcoefficientChr with airfoilsection

asi.rleor attsckfor the smoothair~oil‘>spresentedin
figure9 for rudderdeflectionsbetween-19°6and19°
-ata Re~olds ~&ber of a~oroximately6 X 10 . Corre-
spend.ingcuzzvesof the pressuredifferenceacross“the
rudderbalanceseal Ap/qo aGainst a are presented
in figurel.1~..Thesedatamay be ~sed !0 estimatethe
hinge-momentcharacteristicsof a rudderof’similar
contpurand chordby the methodsof reference1. For
the Q1.2-percentsealedinternslbalance,the values

o,~;:);r :d f~)aowre ‘qua,‘0 :ooo~i ._,_
*
and -0.0007,respectively,for the a~foil surf~~es.in a
smoothcondition. ,.. .....

Tk& sharpirregularitiesin the curvesof ,
%

against a. (fig,9) corres~ondto’the l~mitsbf the
low-dragrange a: shownin figuiie.13 and are believed
to be causedby the suddenmovementsin transitionalong
the airfoilsurfacesat the exbretiiticsm? the low-drag
range, The data o? f~~ure10 were,”.takenat rudder
deflections”ofOD, -~”,‘and-10°with transitionstrips
placedOn the afrf’oi~ $urfacbsat variouschordwise
Po.Si,tionsto limitthemovementof transition.As the ““
fixedtransitionwas movedforwardof the 0*15cposition —

, ( )

:mhr
the irregularitiesin ‘ diminishedin magnitude

‘o 6r ..
but were not entirelyremoveduntiltransitio~was fix~d

--
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Ybchr”’,
at the a“irfoilleadingedge. The valueof

)
\\~ ~r

with transitionfixedat.the airfoilleadinGe~e was -0.0009
as comparedwith -0.0034for the aerod~lamlcallysmoot~
airfwil. A forward‘positionof transitionhad no signifi-
cant effecton the variationof Ap/qo with a. (fi~.12).,.

Drs .? Drag characteristicsof the vertical-@il
secti~nin a smoothconditionare presente~in figm,e13
at Reynold9numberof approxim~tely3 % ;10!,..6.x 106,
and 9 X 104 with the rtldderneutraland at a Reynolds
numberof approxirnat”ely6 x 106 withrudderdeflections‘
between-~” and.5°0 Throughthisrangeof rudderdeflec-
tionthe valueof the minimumsection&ag coefficient
and the rangeof.diftcoefficientfor low-dragvalues
remained“substantiallythe same. Drag polarsfor the air-
foil se.ction”withtransitionstripsappliedto the airf’oil
surfacesat variouschor.dwisepositipnsare presentedin
figure1~~.for rudderdeflectionsof 0° and .50*

,.
.

Horizontal-TailSe’ct.ion
.:

Lift,hin&e-mo-ment,bal.ante-pr.ess&e,and d#:&gdala
for the horizontal-tailsection-withthe airf%ilsurf’qces.
aerodynamicallysmoothare presentedin”figures15 t’o20~

Lift.- The liftcharacteristicsof the ho~lzontal~
tail~~ion at a Reynoldsnumberof approxima~-ely6 x 106
are presentedin figure15 for variouselevstordgfl~c~ons

(}&z .,

().

hc~ “
between-230 aridpo. The valuesof ‘

q~
an&

\ .) F
e- e a.

are equal.to 0.1’00and 0.,062<respectively,atidthe .’-

effectivenessparameter

()
is,e’quaiio’O.62. The

-$C7
,

variationof the iricr.ementof ;ectiofilift”coefficient–-Ac+
with elevatordeflectionis presentedin figure.16 for four
sectionanglesof attackfrom.,v40to 8°.‘Betweenelevator
deflcictiionsof -30 and 3° the effectivenessremainSConstti
throughout-thisrangeof a~l~ of’attack, At.elevator
deflectionsmore negativethan -3° the incrementof sect-ion

. .— -.

x
..

?..-

.

.—.
.

.

,

—
-.
>. ---
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liftcoefficient~ncr..easeswith
* of attackuntil,as in the.case

11

decreasing-sectiionangle
of.the rudder,the ‘air

flow overthe lower.surf.aceof.thG elevatorbe@ns to ‘___
sep~ate. This separation,whichwas observedb~ meti=of. tuft surveysover the airfoilsurfaces,.causes the sharp

.—

breaksin.theliftcurvesoffigure’15and “resultsin the
decr~asedvalueof Act .at:high negativeelevator~gles
and low angles of attack(fig.16). il~ positivqele”vator
deflectionsgreaterthan40, the valueof ACJ decreases
with.increasingarigleof attack. ‘..~ ‘=~:.: ..,,

6,Theeffectof Reynoldsnumberbetween3 x 10
‘and9 x 106,onthe liftcharacteristics,of the ~orizdntal-
tail se”ctionwith thq elevatorneutralis shownin

, figure 17~ , ““

Hinge moment.-The .elevat,orsectionhinge-moment
coefficientsplottedaga’instairfoilsectionangleof
attackare presented in figure18 for elevatordef~ectioris”
between-23°and 9° at a Reynoldsnumberof approximately
-6X’lo$, As in the case of‘theruddertests’,irreu~~i-
ties in the variationof ch with correspon‘O . > 2

. e
the limitsof the low-dragr&ge as shownin f%gu&’e20
ar.dare believedto be causedby the suddenmovementsin
transitionalongthe airfoilsurfacesq

8
the extremities. . .

“( )“’

ch
of the low-dragrange. The valueof is equal

,- ..g. be. ., .

to -0.0029and was obtainedat an angleof attackof -2°”
“becauseone of the jo.g~in the hinge-momentcurveoccurs
at a sectionangleof attackof OO. If transitionoccurs
on the airfoilsurfacesat a forwardchordwise,~osition .-
becauseof surfaceirregularitiesor roughness,’the magni-
tude of’the jogsIn the curveof the variationof hinge
momentwith angle of attackand the absolutevalueof

(%) e may be expeitedto decreaseti a mannersimilar
\ ~ ~o]6e ()d~hto that of the vertical-tailsection. eTh6 valueOr -.

. .

. for the aerodynamically,.smoothhorizontal-tailsectionis -
approximately-0.0023. -.

,.‘,
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The variationof the pressuredifferenceacrossthe
elevatorbalancesealwith a. is presentedin figure19 ●

at the same elevator def’lectio~sfor whichhinge-moment
data are presented.The hinge-momentand seal-pressure
data may be used to estimatethe hfn~e-r,omentcharac- ●

teristicsof an elevatorof similarcontourand chordwith
any amountof sealedinternalbalanceby themethodsof
reference1.

—

l)rag.- Drag characteristicsof thehorizontal-tail
sectionare presentedin.fiCure20. Thesedata include

6d.rQgpolarsat Reyn~ldsntmiberof approximately3 x 10 ,
g x & and 9 x 10 with the elevatorneutraland at-a

6Reynoldsnumberof 6 x 10 with the elevatordef~&cted~20,

Wing Section —

]Jift,hinge-moment,balance-pressure,and dragdata
for the wing sectionwith the airfoilsurfacesaerodyna.
micallysmooth~.e presentedin figures21 to 25.

Lift,-The lift characteristicsof the airfoil .
secti~fiithan aileronare presentedin figure21. The

values of
(“~]a and (’~) me equalt. O.1O1

and 0,048,respectively.The e&’activenessparameter
..

‘ba ‘,( =:.:.:-
i?.e.qu.a~to 0~48 or84 percentof.the thiiiai~”foil

\ejc,””-’“’ ‘ ‘ “--- .
—

theore~icaleffectiveness(reference2) and is approximate=
the sameas the effectivenessobtainodon the NACA 0009
airfoilsection(reference3)0

Tn orderto shcw the variationof aileroneffective- ‘
nesswith liftcoefficientand ailerondeflection,values
of the effectivenesshave beenmeasuredbetweendetinite
ailerondeflections.This effectivenessparameteris

()

Aa.

()”

Aao
.—

designated . Curvesof. _ again9t Cz , ‘
< A6ajc.1 . *

Ct
for various ailenon deflection lLmits are presented in

.- .
..-
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figure22. A comparisonof:themeasuredeffectivenesss
between ba = 00 and 10° and 6~ = 0° and -~00

showsthatthe aileronis more effectivefor ne’gative “-
..-—--—

ailerondeflections.A comparisonof themeasured ‘.
effectivenessbetween 6~ = 0° and 17° —and 5a=”Oo,. ,.”
and -170 also showsa highereffectivenessfor r.egative
ailerondeflectionsexceptthroughan approximaterange
of sectionlift.coefficientfroi~O to 0.3 In which the ,.:
effectivenessof the dpwn aileronwas‘aboutthe samees
that of theup alle~on. At the sectionlift coefficients
greaterthan approximate.1g0.4the effectivenessof the
ailerondeflecteddow”n17 decreasedappreciably..Th~s
largedecreasein effectivenessat high positive’aileron
deflectionsand secttonanglesof attack,probablyc~~-d “
by se$aratlonof the air S-lowover theupper slirfaceof”
the aileron,Is reflectedin a decreasein the effective-
ness from Ba = ~loo to 6G = k170. At sectionlift
coefficientsfrom -Ok to 0,.!.Lthe effectivenessbetween
the lifil.ts of Ga = -i-i-70was‘akost the same as that
measured%tween the limitisof ~a = ~~oo. The value

()

Aa.
when measuredbetween Ba.=~l@ decrGased

xc
z ““

from 0.50at a sectionlift.coaffici~ntof O toO~48
a sectionlift coefficientof 0.70 or only4 percent

—

of

.—

,-

at
and,

when measuredbetween~a = 170 and ~a =“-17°decreased
from 0,50 to 0.~5or 10 percent.cverthe samelift-’
coefficientrange. . ...——

Einqemoment.-:The variationsof aileronsection
hinge-.mom~=~o~t”ficientCh withsection angleof - ,

a
attack a. for all ailerondeflectionstestedare prey . .
sentedin fig~e 23(a).

()

‘bcha\
The irregularitiesin — sb-ownby thes’ecireves

. \ ~ao ~a Ir .,.
are probablycausedby the suddenmove.~Lentf% in“tr~Si-
tion on the upperand lowerairfoilsurfacesat the
extremitiesof the low-dragrange. -(Seefig..~5;) ~o”” U
sharpirregularitiesare apparent,however,in thb
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variation of’ c~ V&th ailerondeflectionas show~by the
a

( ‘

ach .,,,

curves;of figure23(k). The valuesof

()

dch ‘,
~)

o 6a
and ... ...a. are 0.0004and -0;0013,respectively,

: d6a ~
\ o

for the aerod-yaaznicallysmootheirfoil.

The variationof’the pressuredifferenceacrossthe
aileronbalanceseal &p/q. witlna. is presentedin
ft’gure24 for all ailerondeflectionstested. The basic
data.Offi.pres23(a)and 24.may be used to estimatothe
sectioncharacteristicsof’an aileronof stmilarcontour
and chordwith ~,nyamountof sealedinternalbalu~ceby
the mwthodsof reference1. .

Dra ,-The varl~tionof-sectiondra~ coefficientwith
+secti?m ii% coefficientat a fle~~ldsnumberof a,pproxi-

tnatell~6 x 106 for ailerondeflecti.xinsof-Q”,5°, and -5°
is pr~:sentedin figure25? The minimumsectiondrag
coefficientwas approximatelythe samefor thethree
ailerondeflections,.slthoughthe““exi%nt‘ofthe low-drag
ran~ewas reducedwith the ailerondeflected~5° to about
one-hsllfthe ran~ewith the aileronneutral.

Effectsof SuddenMovement“ofTransitionon

AirplaneControl-SurfaceCharactvristi,cs

The two-dimensionaldata presentedhereinshowsudden
chan~esin the variationof’control-surfacesection hinge-
momentcoefficientwith airfoilsection&n&leof at-k
when transitionsuddenlymovesforwardalongthe airfoil
surfaces. The effectof sudden.movem.cntsof transition.
on thG airplaaecontrolforcesW.GSinvestigated.I-n
orderto determinewhetherthe i.rregularftlesIn the two-
dimensionalhinge-momentcharacteristicswould cause
unusualaileronwhe.el-,forcecharacteristics,the varifition”
oflwheelforce Fw with wing-ti@helixanGlep.b/2Vfor
an assumedairplsnewas estimatedfor variousindicated
airspeeds(fig,26). !lhe values of pb/2Vwere estimated
fromthe followingequationpresentedin re~erence ~:

.

.

.

—
-..

.—

.- .. .—

-.
.
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TWO-DIMEHSIOHALWXND-TUNNEL INVESTIGATIONOF LCW-DRAG“.—-~.’
VERTICAL-TAIL,HORIZONTAL-TAIL,ANDWING.. .. .....,
SECTI03TS“EQUIPPEDWITH SEALEDINTERNALLY- - ‘--.. .—-—

....,., BALhlfGEDC0NTR9LSURFACES ““ ‘.“‘“.“.
,. .....!,.. By AlbertL. Braslow t

,“
,,.“.4. .;., ,. ..:.

.,, W-Mi@Ry ~~ . ..—.— .--—..._.-,,.,, ,,..:.. :,. .. ... .. . ,-. . ... .
A ttvo-dirnens~on”alwind-tunnelitivestigationwas

made of threelow-dragairfoilsectionsequippedwith
sealed’internally”balancedcbntrbl”swfac+s dqsigned
for use as vertical-tail>horizontal-tail,aid wing
sections. The testsincludeddeterminationof control-
surface‘effectivenessand hingemoments-andairfoil
se~ticm&nag charac~eristicsiBalance,prb$sureswere .
alsome’asqredfor,use in ~s~imating.the,,~i~e.-~om$~t’.,
character’ist$’csof the controlsurfqces.:tii~b.any amouht “
of sealed.>nternalbalaq.ce~~ .-.7., . . ., “.,,,” “..... !.-..

-.

.-

—

.

.,./..- . . . . . . . .
Sh&p ‘iyre”~~aq}tie~.o,c~urred.in.the.var~t.~tib~~of..‘-

--

the control-surfacesectionhinge-mo~en~.:co~ff~eient‘-
with airfoilsectionan~leof attack,whichw6re”probably
causedby suddenmovementsin transitionalongthe sur-
facesof all thre.e.airfoilsSt t~e..extz?emitiesof the
low-tiagrange. Tests”ofthe vertl”ca~-tailSection
indicatedthat theseirregularitieswere reducedin
magnitudeWhen.transition~~,as.fi~ed..at.,a fqr~ardchord-
wise position’’but”w~i.e‘not”etitirely,retiove~.ufit~>transit-
ion was fixedat the &irfoiiieadi& ed~e. “Anestimated

—

varlat~on,.of.ai~eron.wheelforcewith wing-ti~helti
anglefor an ask~tiedairplaneihdicatedthat‘nounusual.
al,leqon.,wheel-forqe.,charac.teristics:~ould-be..~.aused”by
the i&reg@.api-t,ie:.$n”thet.wo-dimpnsi.on&lh~n~e-moment
characteristics.” Suddenmovementsin trarisitionalong
the..,quqfacgsqol.-vertic%~-ta,ilor,.horizogt~~-:t.?ilsections,
however,‘fiouldpr-obabl$cause.suddenchqngesin rudderor
elevatorhingemoments. . ......—. —-— _-
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INTRODUCTION
—

?me pecent trend to~ardthe use of large hi&h-
speedairplaneshas imposedupon the“airplanedesi.Gner
the problemof obtainingadequatecontrole.ffectlveness
withoutexcessivecontrolforceswhilesecuringlow
valuesotiirfoil drag and high valuesof critical Mach
number, Data for use by the desi&nerla the prediction
of low-drag-wingcharacteristicsare available
but only a limitedamountof data on two-dimensional
aerodynamiccharacteri.st-icsof control.surfaceson low-
drag airfoilsis available. An tivestigationwas made
in the LanGleytwo-dimensionallow-turbulencepressure
tunnelof two NACA 6&.series-typeafrfollsand one
NAC?A~-series-typeairfoilequippedwith sealedinternally

-..- —.

balancedcontroi-surfacesto provideadditionaldata on
two-dimensionalcharacteristicsof controlsurfaceson
low-dragairfoils. me 64-seri?s-tyPeairfoilswere
intendedfor use as tail surfacesand were equipped
with a rudderand elevatorof 0.40and 0.35airfoil-chord,
respectively.The 7-series-typeairf%ll\Yasfittedwith
an aileronof 0.22airfoilchord. ,

The tests,whichweremade at Reynoldsnumbersof
3 x 106, 6 X 106, 6and 9 x 10 , includedthe determination
of control-surfaceeffectivenessand hingemomentsand
airfoilsectiondrag charact-eristics.The pressure
differencesacrossthe control-surfacesealswere also
obtai.n!sdfor use in estimatingthehinge-momentcharac-
teristicsof the controlsurfaceswith any amountof
sealedinternal’balance. ‘

SYMBOLSAND COEFFICIENTS

‘Thesymbolsand coefficientsused in the presenta-
tionof’resultsare definedas follows:

ao airfoilsection~ngleof attackldegrees

c chcrdof airfoilwithcontrol surfaceneutral;
measuredalongmaximumlengthline

Cx chordof cofitrol”surfacemeaauredfromhinge
axisto trailingedge

—.
.

....
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*

.

. . ...—
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Cb chordof ov.~rhangfrom control-surfacehinge axis
to middleof Gap seal

6= control-surfacedeflectionwith respectto airfoil;.
postt.ivewhen trailtigedge is deflecteddownwati

R ..;Reynoldsnumber

q. free-streamdynamic

b ~otalwing span

ba spanOr one aileron

pressure
— .—

Za root-mean-squarechordof aileronbehindhinge

v ‘true”airspeed..

~f.. .indicatedairspeed

P localstaticpressure;also,rollingvelocity
when used in parameterpb/2V

II. free-streamtotalpressure
HO-P

s airfoilpressurecoefficient ~

LUCis

—. .-

pb/2V helix angledescribedby wi’ngtip duringroll,
radians -. —

Fw wheel‘force

e wheeldeflectionfrom neutral

.-——

. . “..

rate of chan~eof rolling-moment.coefficient
% . with ailetiondeflection :,,.,...

c~ “ rate ofchange of roll~g-moment
P with pb/2V .—

Cz ai3f0il section liftcoefficient. .

. ..-_ r

coefficient
“.

.

ACZ incrementof CL causedby deflectionof control
surfacefromneutral

cd.. airfoilaectlondrag coefficient ‘ ,,--- ..,... .-
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-z6ntrol-surface hinge moment per unit span;------
positivewhen controlsurfacetendsto
deflect.dotiward

,..
,- .=.“.-

..... c.ontrol-~urf~”cesectionhinge”a”omentcoGfY’iciOti,.. . {h\abasedOn cohtrol-swf’aco chord !—— 2
)“f.qocx

hinge-momentcoeffictint.of up~oi.n~aileron
est%iatedfor airplaneduringroll.,. .

.
()Cha U~

(“ha)d~Ivn- hinge-momentcoeff’ic~entof’dcnvngoingaileron
estlr.ated“fora@pDne .duri~groll .,-

seal-.ress~e-difftirenco.coeff’icient(r.atlo‘.”
.o”fpressuredifferenceacrojqs:.cdntrol-
surfacesealto fr.ee.-strcamd’~amlc.
pressure); positivewhen pre-9su.r9 below
sealis ~eater thanpressureaboveseal

rate of changeof sectionliftcoef’ftcienti
with secti’onangleof attack , ,,...

. . ..
:““rate of_ch”&~eof sectio-nliftcoef”fic”lent

with qgtrol-su.rfacedeflection-.. .-.
......
..?““

control-surfacesectioneffectivenessparamter
1. (absolutevalue);alsodesignatedas k for

aileron

aileronsectioneffectivenessparameter
‘(ratio of incrwmnt of-airf’qilsection
a.ngtiof at-tackto ir.cre~ent of aileron
deflection required to maintain a constant
lift-moeff icient; absol~te value) “.

----- : .:
rate.of change

,------,.c:o”ef~i“c”fent

. .
rate- of”chance

.. —-. —

of section hinge-moment...
iviths=-ction ar.~leof att’ack

..-.:...:..-——..- :
.. ,-. -..

Of sectionhifi~e”-mom~nkq~effi-
cientwitficontrol-surf~.c~de’fle,ptxg.n..-,.

-. ..=

—

-.
●

—

ii ‘.’

—

..—.

..—
*
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. The subscriptx is replacedhereinwith subscriptsI r, e, and a for the rudder,elevator, and aileron,
respectively.The subscriptsto the partialderivatives

. denotethe variablesheld constantwhen the partial
derivativesare taken. The derivativesare obtainedat

.-
zero sngleof atta& and zero control-surfacedeflection
exceptas noted. —

MODELSAND APPARATUS

The threemodels,havingchordsof 24 inches,were
two-dimensionalairfoilsectionsdesignedfor use as a
verttcaltail,a horizontaltail,and a wing and were
constructedof laminatedmahogany. Sketchesof’the models
are presentedas figure1. Rubbersealswere used along
the completespan and at both ends of the controlsurfaces
to preventthe flow of air throughthe gaps,..*,*

\ The pressuredif~erenceacrossthe control-surface
sealswas measuredwith static-pressureorificeslocated
aboveandbelow the balanceplates. A manometersetup,*
which integratedthe pressuresalongthe floorand ceiling
of the tunneltest section,was used to measurelift,and

. thewake surveymethodwas used to measuredrag. Hinge
momentsof the ccritrolsurfacesweremeasuredwith
electrical-resistancestraingaGes. .-....— ....._

\
The vertical-tailsectionwas a 0C155Cthicksymmet-

rical airfoilwith a pressme distribution(fig.2)
similarto that of theNACA 6~-seriesairfoils. The
modelwas equipped with a 0.40crudderwith a sealed
internalbalanceof’0.412cr,that is, c~

= 0.412.q
The horizontal-tailsection,which alsohad a pressu~

distribution(figs) similarto that of the lTACA64-series
airfoils,had a maximumthicknessof approximately0.13c,
The angleof attackfor t’hismodelwas measuredwith
respectto a referencelineshownin figure1. The model
was equippedwith a 0,35celevatorwith a sealedinternal. balanceof approximately0.43ce, —.

The wing profl.lehad a maximumthicknessof approxi.*
mately0.17cand a pressuredistribution(fig,4) similar
to that of an l?ACA7-seriesQirfoil. The designsection
liftcoefficientIS 0.266,for wlnichthe positionof-r-

. .
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minimumpressureis approximately0.35c on the upper
surfa”oe and 0.50con ,the.lqwer‘sui?face.The afifoil
sectionangleof.att&ckwas measy@cdwithrespectto a .
referenceline shownin f~~ure1. The modelwas equipped
with a 0.22c’aileronof true airfoilcontouiwith a sealed
internalbalanceof.approximatelyO~&ca.

It

—.

For the normal smooth condithn of the models$ the
airfoil surfaceg wer~ sandedwith NO. @() Carborundum
paper.to produceah aerodynamicallyanoothf?inish.For
therough conditionof the verti”cal-tailsection,the
rlodelsurfaceswere the sameasforthe smoothcondition
but 0.O.02-inchc~borundum Grainswere ap~liedto a thin
layerOf shellacon both the upper“andlowerairfoil
surfacesat--variouschordwiseposit”Lons’.The roughness~
stripswere.1.2“ihches,wide,at0.\.5,c, 0.5 inch wide
at 0*30C, 0.15C, and O.1OC,an”d3.75 inch,eswide at the
Ibadln,zedge (1.875 h. alongeach sw’fa,cemeasuredfrom
theleadingedge). .—

‘ .,.

j.T)3sTs . . ..-

..-

--—.
..-.

9

, Testsof the threemodel?were mede in the Langley
two-dimensionallow-turbulencepnessuretunnel. The “
testsf.ncludedmeasw6ementsat-a Reynoldsnumber”of

.

approx:.mately6 x 10 of’airf!oillift and drag, control-
surface hin~e moment-, and balance pressure fop each
model with various.deflections of the control surfaces .
Observl~ttonsof the air.flow.over the surfacesof both
tail secttons were ma~eb%.meansof tuftsurveys. Lift
and drt~gmeasurements-w~re alsomad~ at Reynoldsnumbers
of approxitiateiy.3 ,x10Q and 9 x 10° for the horizontal.-
and vertical-ta”ilsecti-onswith the controlsurfaces
neutr a1-. In’”addition,the ver,tical:tallsectionwas
tes~edat a Reynoldsnumberof 6 x 106 with rou@mess

‘ stir’ips“applj.ed to both upper. and lower airfoil quri’ac.es
at various chordwi”se positions, The Machnumbers

t
‘correspondng to Reynoldsnumbersof 3.x 10°, 6 x 106,
and 9 .x10 were 0.11, ” 0.14, and 0.10,respectively.

Tke followingform~laswereused to correctthe
,tunneldata to free-airconditions:. “- “.r-- .:. ”“ “1 .’

.

.
—

f-. 4
...-

-- . TS,.-
.-
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.

I

.

.
,. qo=’LI+2A (qa+gqo~

.’,,.
where ..‘ -.:”

A factordependenton airfoilshape

0 factordependenton ratio of Urfoil size tO -L. . ,
tunnelheight ?“

3 factorused.for correctingeffectof modelupon
velocitymeasuredby static-pressureorifices”

and the primedquantitiesrepresqntthe,,valqe.smeasqed .
in the tunnel.

. .-

The valuesof .2& + g
t

were 0.0115,0.00979,
and 0.00792for the wing,ver ical-tail,and hor”f.zontal- .
tail sections,res-pectively.The valueof ,0,”was equ~l.:
to 0.015for all threeairfoils. .

.’. ”,,, .“, ...
.. . .’.~STJLTSAND DISCUSSTON —-.-.—--..—

.. . :.,

Valuesof the importantaerodynamicparameters,
measuredwhen ao and 6X are approx’imatel$,.,0f+r
the threemodelstestedare presentedin t~e-~o>lowing
table:.“ ,..,-..,

,— I 1 I

Smooth /o.io7 0.58 -o. oo31J=mw -. Rudder
L.E.rough .107 .58 -,0009 .------,. . -.

b Elevator Smooth .100 .62 -.0029 -.0023
k t —

.-

—

.——

Atleron Smooth ● 101 t .48 -.00041 -.0013
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Vertical~Ta”ilSection ‘ .

ILift,hinge-moment,balance-presswe, and drag data
for the vertical-tail.sectionwith the afifoilsurfaces
aerod;iamicallysu.oothad alsowith”roughnessstrips
appliedat variouscb.~rdwise,positio_~sare presentedin
figures5 to tip. ! ..,,., ..-i J

Lift.-The li~tcharacteristicsof tileverticaltail
secti~%~ a Re~moldsnumberof approximately6 x 10z
are presented in fi~ur’e 5 Cor the “airfoil in a smooth
condition.

?i2U?:(2)ata’e
The valuesof

,’
eq~alto o.1o7and 0,,062, ““respectively, and”. he effec+, \

()‘“;C%.tiveness parameter :~F- ! 13 equ~ltoo. 58. The ... ~
r,~i”-””””’- “ ‘“ .“ ‘“”’-(’

increment ofLsection Qf’t.:coeffictent Acz .plo.tted against

-.
.

rudderdeflectionis prgsentedin fi.we 6 for four secticn
angles of attackfrom O to 1.2°.Thesecurvesshowthat
for snailrudder.deflectionsthe ~f!fective,nesa~remain.s
const~~nt-”t-brou~l~hh.is.rqnGeof an le.-of~tt=cki.&trudder

8deflections.moranegativethan -2 ,.thefncrgn!?nt,of..
secticmliftcoefficientincreases:with.dec=asi~ ar~e ““,
of att,ackuntilthe air flow over”the lowersurfaceof
the rudderbegins&separate. This sepwation occursat
low anClesof att=-ckfor:hi@ ne~atlyerudd~~..deflections
as shownin fisures5 and 6 and was observedby meansof
tuft surveysoverthe airfoilsurfaces.

...!... .. ..,....-..., ;:.’.:::
Scaleeffect-nonthe..rlift.~haracte~$sttasis shownin~

figure7..,~iEt.measurernen$syerqmade ‘~~fththe,rud er
neutra

i
~at Reynoldsnumbersof approximately~ X 10 , !

6x1(I, and 9 x 106,
.. . ... . ,. . .. .- . . ..- -

The effectof fixedtransition.on the liftcha~ac-
teristics at rudde~_defle ctionB”of ~U03”,w->0, and -10 . ,.
is shclwnin fiuwe 8. Appli,qatlonofIr.oughnes$to“the
ai.rfoi.lleadingedgecaused.~naV~ra@ reduc.tiom”i~
maximunsectionliftcoeffic,ient,.ofapproximately12 perc&t”
but he.da negligibleeffecton the lift-~urves~ope.- ,.. .! ..”-.,

The-valuesof ““
()

~cz ‘
with the rudderneutral.

● .: ,’.~ “
a.

.- .U..:..-. . ..- ,*.- , ,, .
. ..

●
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were obtainedbetweenrudder‘deflect-ions

at z:ero”angle.ofattickremainedthe ‘“
sm~e:‘asfop the Aerodynamica~lysmoothc’ondition~ but the
‘incrementof Ct causedby rudder“deflectionsof “-5° ,
atii-“10°decreaseda~ low anglesof attackwhen transi-
tionwasJnduced at the airfoilleadinged~e (fig.8);
the sh~rpirregularityin the variation of Acl with ar
shownIn figure6 was therebyeliminated.,. .

;Inge m’oment..The variationof.ruddersection
hinge-momentcoefficientChr with airfoilsection

asi.rleor attsckfor the smoothair~oil‘>spresentedin
figure9 for rudderdeflectionsbetween-19°6and19°
-ata Re~olds ~&ber of a~oroximately6 X 10 . Corre-
spend.ingcuzzvesof the pressuredifferenceacross“the
rudderbalanceseal Ap/qo aGainst a are presented
in figurel.1~..Thesedatamay be ~sed !0 estimatethe
hinge-momentcharacteristicsof a rudderof’similar
contpurand chordby the methodsof reference1. For
the Q1.2-percentsealedinternslbalance,the values

o,~;:);r :d f~)aowre ‘qua,‘0 :ooo~i ._,_
*
and -0.0007,respectively,for the a~foil surf~~es.in a
smoothcondition. ,.. .....

Tk& sharpirregularitiesin the curvesof ,
%

against a. (fig,9) corres~ondto’the l~mitsbf the
low-dragrange a: shownin figuiie.13 and are believed
to be causedby the suddenmovementsin transitionalong
the airfoilsurfacesat the exbretiiticsm? the low-drag
range, The data o? f~~ure10 were,”.takenat rudder
deflections”ofOD, -~”,‘and-10°with transitionstrips
placed On the afrfoi~ $Urfacbs at various chordwise
~o.Si,tions to limit the movement of transition. As the ““
fixedtransitionwas movedforwardof the 0*15cposition —

, ( )

:mhr
the irregularitiesin ‘ diminishedin magnitude

‘o 6r ..
but were not entirelyremoveduntiltransitio~was fix~d

--
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Ybchr”’,
at the a“irfoilleadingedge. The valueof

)
\\~ ~r

with transitionfixedat.the airfoilleadinGe~e was -0.0009
as comparedwith -0.0034for the aerod~lamlcallysmoot~
airfwil. A forward‘positionof transitionhad no signifi-
cant effecton the variationof Ap/qo with a. (fi~.12).,.

Drs .? Drag characteristicsof the vertical-@il
secti~nin a smoothconditionare presente~in figm,e13
at Reynold9numberof approxim~tely3 % ;10!,..6.x 106,
and 9 X 104 with the rtldderneutraland at a Reynolds
numberof approxirnat”ely6 x 106 withrudderdeflections‘
between-~” and.5°0 Throughthisrangeof rudderdeflec-
tionthe valueof the minimumsection&ag coefficient
and the rangeof.diftcoefficientfor low-dragvalues
remained“substantiallythe same. Drag polarsfor the air-
foil se.ction”withtransitionstripsappliedto the airf’oil
surfacesat variouschor.dwisepositipnsare presentedin
figure1~~.for rudderdeflectionsof 0° and .50*

,.
.

Horizontal-TailSe’ct.ion
.:

Lift,hin&e-mo-ment,bal.ante-pr.ess&e,and d#:&gdala
for the horizontal-tailsection-withthe airf%ilsurf’qces.
aerodynamicallysmoothare presentedin”figures15 t’o20~

Lift.- The liftcharacteristicsof the ho~lzontal~
tail~~ion at a Reynoldsnumberof approxima~-ely6 x 106
are presentedin figure15 for variouselevstordgfl~c~ons

(}&z .,

().

hc~ “
between-230 aridpo. The valuesof ‘

q~
an&

\ .) F
e- e a.

are equal. to 0.1’00and 0.,062<respectively,atidthe .’-

effectivenessparameter

()
is,e’quaiio’O.62. The

-$C7
,

variationof the iricr.ementof ~ectiofilift”coefficient–-A~
with elevatordeflectionis presentedin figure.16for four
sectionanglesof attackfrom.,v40to 8°.‘Betweenelevator
deflcictiionsof -30 and 3° the effectivenessremainSConstti
throughout-thisrangeof a~l~ of’attack, At.elevator
deflectionsmore negativethan -3° the incrementof sect-ion

. .— -.

x
..

?..-

.

.—.
.

.

,

—
-.
>. ---
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liftcoefficient~ncr..easeswith
* of attackuntil,as in the.case

11

decreasing-sectiionangle
of.the rudder,the ‘air

flow overthe lower.surf.aceof.thG elevatorbe@ns to ‘___
sep~ate. This separation,whichwas observedb~ meti=of. tuft surveysover the airfoilsurfaces,.causes the sharp

.—

breaksin.theliftcurvesoffigure’15and “resultsin the
decr~asedvalueof Act .at:high negativeelevator~gles
and low angles of attack(fig.16). At positivq ele”vator
deflections greater than 40, the value of ACJ decreases
with. increasing arigle of attack. ‘.. ; ‘= ~:. : . .,,

6,The effectof Reynoldsnumberbetween3 x 10
‘and9 x 106,onthe liftcharacteristics,of the ~orizdntal-
tail se”ctionwith thq elevatorneutralis shownin

, figure 17~ , ““

Hinge moment.-The .elevat,orsectionhinge-moment
coefficientsplottedaga’instairfoilsectionangleof
attackare presentedin figure18 for elevatordef~ectioris”
between-23°and 9° at a Reynoldsnumberof approximately
-6X’lo$, As in the case of‘theruddertests’,irreu~~i-
ties in the variationof ch with correspon‘O . > 2

. e
the limitsof the low-dragr&ge as shownin f%gu&’e20
ar.dare believedto be causedby the suddenmovementsin
transitionalongthe airfoilsurfacesq

8
the extremities. . .

“( )“’

ch
of the low-dragrange. The valueof is equal

,- ..g. be. ., .

to -0.0029and was obtainedat an angleof attackof -2°”
“becauseone of the jo.g~in the hinge-momentcurveoccurs
at a sectionangleof attackof OO. If transitionoccurs
on the airfoilsurfacesat a forwardchordwise,~osition .-
becauseof surfaceirregularitiesor roughness,’the magni-
tude of’the jogsIn the curveof the variationof hinge
momentwith angle of attackand the absolutevalueof

(%) e may be expeited to decrease ti a manner similar

\ ~ ~o]6e ()d~hto that of the vertical-tailsection. eTh6 valueOr -.
. .

. for the aerodynamically,.smoothhorizontal-tailsectionis -
approximately-0.0023. -.

,.‘,
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The variationof the pressuredifferenceacrossthe
elevatorbalancesealwith a. is presentedin figure19 ●

at the same elevator def’lectio~sfor whichhinge-moment
data are presented.The hinge-momentand seal-pressure
data may be used to estimatethe hfn~e-r,omentcharac- ●

teristicsof an elevatorof similarcontourand chordwith
any amountof sealedinternalbalanceby themethodsof
reference1.

—

l)rag.- Drag characteristicsof thehorizontal-tail
sectionare presentedin.fiCure20. Thesedata include

6d.rQgpolarsat Reyn~ldsntmiberof approximately 3 x 10 ,
g x & and 9 x 10 with the elevator neutral and at-a

6Reynolds number of 6 x 10 with the elevatordef~&cted~20,

Wing Section —

]Jift,hinge-moment, balance-pressure, and drag data
for the wing sectionwith the airfoilsurfacesaerodyna.
micallysmooth~.e presentedin figures21 to 25.

Lift,-The lift characteristicsof the airfoil .
secti~fiithan aileronare presentedin figure21. The

values of
(“~]a and (’~) me equalt. O.1O1

and 0,048,respectively.The e&’activenessparameter
..

‘ba ‘,( =:.:.:-
i?.e.qu.a~to 0~48 or84 percentof.the thiiiai~”foil

\ejc,””-’“’ ‘ ‘ “--- .
—

theore~icaleffectiveness(reference2) and is approximate=
the sameas the effectivenessobtainodon the NACA 0009
airfoilsection(reference3)0

Tn order to shcw the variation of aileron effective- ‘
ness with lift coefficient and aileron deflection, values
of the effectiveness have been measured between detinite
aileron deflections. This effectiveness parameter is

()

Aa.

()”

Aao
.—

designated . Curves of. _ again9t Cz , ‘
< A6ajc.1 . *

Ct
for various ailenon deflection lLmits are presented in

.- .
..-
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figure22. A comparisonof:themeasuredeffectivenesss
between ba = 00 and 10° and 6~ = 0° and -~00

showsthatthe aileronis more effectivefor ne’gative “-
..-—--—

ailerondeflections.A comparisonof themeasured ‘.
effectivenessbetween 6~ = 0° and 17° —and 5a=”Oo,. ,.”
and -170 also showsa highereffectivenessfor r.egative
ailerondeflectionsexceptthroughan approximaterange
of sectionlift.coefficientfroi~O to 0.3 In which the ,.:
effectivenessof the dpwn aileronwas‘aboutthe samees
that of theup alle~on. At the sectionlift coefficients
greaterthan approximate.1g0.4the effectivenessof the
ailerondeflecteddow”n17 decreasedappreciably..Th~s
largedecreasein effectivenessat high positive’aileron
deflectionsand secttonanglesof attack,probablyc~~-d “
by se$aratlonof the air S-lowover theupper slirfaceof”
the aileron,Is reflectedin a decreasein the effective-
ness from Ba = ~loo to 6G = k170. At sectionlift
coefficientsfrom -Ok to 0,.!.Lthe effectivenessbetween
the lifil.ts of Ga = -i-i-70was‘akost the same as that

measured ktwean the limitisof ~a = ~~oo . The value

()

Aa.
when measured between Ba .= ~l@ decrGased

xc
z ““

from 0.50at a sectionlift.coaffici~ntof O toO~48
a sectionlift coefficientof 0.70 or only4 percent

—

of

.—

,-

at
and,

when measuredbetween~a = 170 and ~a =“-17°decreased
from 0,50 to 0.~5or 10 percent.cverthe samelift-’
coefficientrange. . ...——

Einqemoment.-:The variationsof aileronsection
hinge-.mom~=~o~t”ficientCh withsection angleof - ,

a
attack a. for all ailerondeflectionstestedare prey . .
sentedin fig~e 23(a).

()

‘bcha\
The irregularitiesin — sb-ownby thes’ecireves

. \ ~ao ~a Ir .,.
are probablycausedby the suddenmove.~Lentf% in“tr~Si-
tion on the upperand lowerairfoilsurfacesat the
extremitiesof the low-dragrange. -(Seefig..~5;) ~o”” U
sharpirregularitiesare apparent,however,in thb
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variationof’ c~ V&th ailerondeflectionas show~by the
a

( ‘

ach .,,,

curves;of figure23(k). The valuesof

()

dch ‘,
~)

o 6a
and ... ...a. are 0.0004and -0;0013,respectively,

: d6a ~
\ o

for the aerod-yaaznicallysmootheirfoil.

The variatim of’ the pressuredifferenceacrossthe
aileronbalanceseal &p/q. witlna. is presentedin
ft’gure24 for all ailerondeflectionstested. The basic
data.Offi.pres23(a)and 24.may be used to estimatothe
sectioncharacteristicsof’an aileronof stmilarcontour
and chordwith ~,nyamountof sealedinternalbalu~ceby
the mwthodsof reference1. .

Dra ,-The varl~tionof-sectiondra~ coefficientwith
+secti?m ii% coefficientat a fle~~ldsnumberof a,pproxi-

tnatell~6 x 106 for ailerondeflecti.xinsof-Q”,5°, and -5°
is pr~:sentedin figure25? The minimumsectiondrag
coefficientwas approximatelythe samefor thethree
ailerondeflections,.slthoughthe““exi%nt‘ofthe low-drag
ran~ewas reducedwith the ailerondeflected~5° to about
one-hsllfthe ran~ewith the aileronneutral.

Effectsof SuddenMovement“ofTransitionon

Airplane Control-SurfaceCharactvristi,cs

The two-dimensionaldata presentedhereinshowsudden
chan~esin the variationof’control-surfacesection hinge-
momentcoefficientwith airfoilsection&n&leof at-k
when transitionsuddenlymovesforwardalongthe airfoil
surfaces. The effectof sudden.movem.cntsof transition.
on thG airplaaecontrolforcesW.GSinvestigated.I-n
orderto determinewhetherthe i.rregularftlesIn the two-
dimensionalhinge-momentcharacteristicswould cause
unusualaileronwhe.el-,forcecharacteristics,the varifition”
oflwheelforce Fw with wing-ti@helixanGlep.b/2Vfor
an assumedairplsnewas estimatedfor variousindicated
airspeeds(fig,26). The valuesof pb/2Vwere estimated
fromthe followingequationpresentedin re~erence ~:

.

.

.

—
-..

.—

.- .. .—

-.
.
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were estimatedfrom the ‘sectiofidata fbr the-“airpl&e”in
a steadyroll. V=luesof thesecoefficientswere taken
at givenaileronang~~.s.,qn@corrected.$orthe changein
angleof attackat the.aileronm“idspancausedby theroll.. Equalup and down ailerondeflectionsand a m-imum wheel
deale,ct~pn M ,J75~ .werq ~sed. : . . - .. ~-:.[::.. :



16 ““ NAcATN NO. l@3

aspeot-ratioeffects,the estimatedvaluesof pb/2V
andFw are not quantitativelyaccurate. The valuesare
useful,however,to show the qualitativevariationof
wheelforcewithwing-tiphelix angle;

No suddenchangesin the estimatedvariationof FW
with pb/2V am apparentin figure26, which indicates”
that inclusionof the hingemomentsdue to the deflection
of both aileronst-endsto eliminatet-heirregularitiesin
the hinge-momentvariationwith angleof attackalone.
If the angleof attackwerevaried with the ailerons
neutral,however,both the right and left aileronswould
tendto move In the samedirectionwhen the changein
angleof attackcausestransitionto move forwardsuddenly,
and tke,effectwou~dbp absorbedin the aileronrigging
with no changein the.wheelforce, “ T .

D@tarejently”obthinedin the Langleystability
tunnelindicatethat,suddentiovementsof!transition
causeirregularitiesin the variationof hinge-moment
coefficientwith ang-le-of,attackih three-dimensional
flow as,well a.sin t,wo-dimensionalJ?1OW.Suddenmove-
mentsof transitionalon~the stu-~facesof vertical-or
horizontal-~aiJ,se.ctions,,therefore,will probablycause
sudden“cha.nGesin ru,dderor elevator’hingemoments. The
data obtained ,wi,th trqngition ’fixdd at various locat-ions
along .th~,a~fo~l ,sqr~aqes, however,tndicat”ea decrease
in the severityof the jogsin the variationofi Ch_-

“A
with cco”a“s”:fjhe””locat”ion””oftransitioniS-movedt&ward
the airf’oilleadingedge. Suddenchangesin e.lev~torand
rudderforces,therefore,seemlesslikelyto occuron
an airplanesincethe full ext-e,ntof laminarflow on
productionairplane$has not been realizedbecauseOS
manufacturingirregularitiesand surfacedeteriorationin
Se2?Vi.C63and becausetransitionis induced new or at the

leadingedge of.tailsurfaces.thatare locatedwithin,the .._
“propellerslipstreamor wing and fuselagewake.

.,

CONCLUDINGREMARKS.—

Resultsof a two-dimensionalwind-tunnelinvestigat~on
of a low-dragvertical-tail,horizontal-tail,and wing
sectionequippedwith sealedinter.nally.balancedcontrol
surfaces”have been presented.”Sharpirregulatiities
occurredin the’variationof the contro”l-surface“section

.
.L=’

.
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hinge-momentcoefficientwith sectionahgleof attackl
● whichwere probablycausedby suddenmovementsin transi-

tion alongthe surfaces“oft-heairfoilsat the extremities
of the low-dragrange. Tests of the vertical-tailsection. indicatedthat theseirregularitieswere reducedin ma.@i-
tudewhen transitionwas fixedfita forwardchordwise ..—

positionbut werenot entirelyremoveduntiltransition
was fixedat the airfoilleadingedGe. An_e:timatedvaria-
tion of aileronwheelforcewith wing-tiphelix an&lefor ~ ..—
an assumedairplaneindicatedtb.atno unusualaileron .
wheel-forcecharacteristics;vouldbe causedb-ythe
irregularitiesin the two-dimensionalhinGe-momentcharac-
teristics. Suddenchangesin rudderor elevatorhinge
moments,however,wouldprobablyresultfrom suddenmove-
ments in transitionalongthe surfacesof thevertical-or
horizontal-tailsections. If transitionshouldOCCUJSat
or near the leadingedge of the tail surfaces,as is
usuallythe casefor tail surfaceslocatedwithinthe
propellerslipstreamor wing and fuselagewaks,no sudden
chanceswould occurin the control-surfacehingernofient-s,‘“

LangleyMemorialAeronautical.Laboratory .
. NationalAdvisoryCommitteeFor Aeronautics

LangleyField,Vs.,
—

?Jarch8, 1946 --

.
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-Fig. !5

Figure5.- LMt ohar~ctefist~csofa lo--dragvert~cti-tatl.veot~on
equlppeclwitha 0.400sealedinternallybalanced rudder. &l10oth
cond.ltlon;R = 6 x 106 (appmx.); test,TDT582.
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Figure7.- Liftoharacterlstlcsofa low-dragvertical-tallsection
equippedwitha O.~Ocsealedinternallybalancedrudder.
Smoothcondition;br= OO; test,!l!DT.582,
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Variationof
....e=.

~ fora 0.40ceealedinternally
balancedrudderona low-dragvertical-ti@.ilaeotion. stripe-of ‘- “--:-:Z
0.002-inohCarborundumgrainsonbothairfoilsurfaoeeat
variouschordwlsepoalti.one;R = 6 x 106(approxc);test,~T IjBIj.- - ‘-** .—
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Figurelk.- Dragcharacteristicsof a low-dragvertical-tall

sectionequLpp6dwitha O.hOceealedinternallybalanced
ruc!der.Szrlpaof 0.002-inchCarborundumgrainaon both
airfoilsurraoesat variouschordwisepos~tlona;
E= 6 %106 (approx.);test,TDT585. ‘-” - :
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Figure 18.- Himge-momentcharacteriatlosof a 0.30 sealedlmternally
balaaoede evatoron a low-draghorizontal-

i
iiil.actic.n.

R = 6 x 10 (approx.); tests,~T~l M 589.
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